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There are three closely related species within the Thamnochortus erectus group: T. erectus (Thunb.) Mast., T. 
insignis Mast. andT. spicigerus (Thunb.) Spreng. These species are separated by characters of the female 
inflorescence morphology. It is shown that they also differ in characters of the culm anatomy, rhizome 
morphology and anatomy, flowering time, distribution, as well as further characters of the male and female 
inflorescences. This variation is related to some aspects of the biology of the species, thus showing that what 
appeared to be three very closely related species are in fact good biological species. This suggests that the 
traditional reliance on floral and inflorescence morphology in the Restionaceae may underestimate the 
differences among the species. 
Daar is drie spesies in die Thamnochortus erectus-groep, naamlik T. erectus (Thunb.) Mast., T. insignis Mast. 
en T. spicigerus (Thunb.) Spreng., wat verwantskappe toon. Genoemde spesies word geskei deur middel van 
morfologiese kenmerke van die vroulike bloeiwyse. Daar word aangetoon dat daar ook kenmerkende verskille 
in die anatomie van die halm, die morfologie en anatomie van die wortelstok, blomtyd, verspreiding, asook 
ander kenmerke van die manlike en vroulike bloeiwyses is. Hierdie variasie is verwant aan sommige biolo-
giese aspekte van die spesies, dus is die drie spesies wat Iyk asof hulle baie na verwant kan wees, in der 
waarheid spesies met biologiese verskille. Tradisioneel word die morfologie van die blom en die bloeiwyse 
van die Restionaceae gebruik om die spesies te skei, maar bogenoemde feite dui daarop dat hierdie indruk 
daartoe kan lei dat die verskille tussen spesies onderskat kan word. 
Keywords: Anatomy, culm, morphology, Restionaceae, rhizome 
Introduction 
The Restionaceae is, both floristically and ecologically, 
one of the most important families in the Cape Flora 
(Goldblatt 1978; Taylor 1978). However, due to the 
simple, wind-pollinated flowers and the highly reduced 
leaves, it is often difficult to separate species using these 
traditional morphological characters. Most of the 
systematic research to date has concentrated on 
problems above the species level and consequently the 
analysis of character variation has emphasized the 
differences at generic level. Cutler (1969) surveyed the 
culm anatomy of the family and various papers have 
been published on the palynology (Chanda 1966; Linder 
1984; Linder & Ferguson 1985) and the flavonoid 
chemistry (Harborne 1979; Harborne et al. 1985). These 
data were used by Linder (1984) in his redelimitation of 
the generic limits in the African Restionaceae. Research 
at the species level has been directed at locating ' k~y 
characters ' for identifying specimens . Pillans (1928) and 
Linder (1985) relied heavily on features of the female 
inflorescences , female flowers and culm morphology in 
their keys. 
Consequently , there is no indication how extensive the 
morphological variation may be within species, nor what 
the differentiation between species may be . This infor-
mation is important in understanding the biological basis 
separating species on morphological grounds . In 
biotically pollinated plants with significant flowers, the 
relationship between flower morphology, pollinators 
and species limits is generally assumed, but in wind-
pollinated plants such 'obvious' relationships are more 
difficult to establish. In order to develop such an 
understanding, three closely related species of Thamno-
chortus were compared in as much detail as possible. 
The genus Thamnochortus Berg. includes approximately 
31 species (Linder 1985) and is endemic to southern 
Africa, with all but one species (Thamnochortus glaber 
Mast.) restricted to the Cape Floristic Region (sensu 
Goldblatt 1978) . Although there is no formal infra-
generic classification available, several groups have been 
recognized. Cutler (1969) suggested that the species with 
pubescent culms could be grouped together. The tall 
caespitose reeds with large inflorescences have generally 
been allied to each other (Pillans 1928). This latter group 
contains the economically most important species of 
Restionaceae, that are used for thatching (Rourke 
1974). Of this group , T. insignis Mast. is used extensively 
and is relatively important in the economy of the dune 
country in the southern Cape Province between 
Riversdale and the sea. The related T. erectus (Thunb .) 
Mast. is used occasionally, while there appear to be no 
records of the use of the western Cape T. spicigerus 
(Thunb.) Spreng. for thatching. These species are super-
ficially very similar, as is evidenced by the persistent 
problems in the correct identification of material. The 
species are separated in the available keys by features of 
the female inflorescence (whether the flowers are 
exserted from behind the floral bracts or not, and on the 
shape and colour of the female spikelet) . 
Methods 
The nomenclature follows Linder (1985). The morpho-
logical information was taken from material housed in 
the Bolus Herbarium , University of Cape Town. 
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Description of habits and of rhizome morphology were 
based on field observations of the species. Anatomical 
descriptions were drawn up from material collected in 
the field (see Table 1 for vouchers and localities), fixed 
in the field in FAA, sectioned on a sledge microtome, 
stained with A1cian Blue and Safranin (Tolivia & Tolivia 
1987) , dehydrated through an ethanol series and 
mounted in DPX. The sections were photographed on a 
Zeiss Photomicroscope 3 using Ilford FP4 at ISO 120 
with green or white filters. The terminology used for the 
culm and rhizome tissues follows that of Cutler (1969) . 
Observations on the biology of the species were made 
during several field trips and further information was 
gleaned from farmers and other local inhabitants, as well 
as from notes on herbarium sheets. Data on seedlings 
were collected from seedlings found in the field. These 
have been dried and mounted with herbarium specimens 
of the mature plants . 
Observations and Discussion 
Detailed morphological and anatomical descriptions of 
the species are available from the author. Descriptions 
are also available from the literature : Pillans (1928) 
described the morphology and Cutler (1969) published 
descriptions of the culm and rhizome anatomy. 
Habit 
The three species differ strikingly in their habits , which 
means that they can be readily identified from the shape 
of the tussocks . The differences in the habit and the 
attendant differences in the rhizome structure are 
indicated in Table 2, from which it is apparent that the 
variation in the shape of the tussock is related to the 
Table 1 Material studied for the culm and rhizome 
anatomy and seedling morphology 
Voucher Species Material Locality 
Linder 4897 T. insignis culm, rhizome , Albertinia; 
seedlings Gouritz River mouth 
Linder 4899 T. insignis culm, rhizome Albertinia; 
' Klipfontein ' 
Linder 4906 T. insignis culm, rhi zome Cape Peninsula; 
Klaasjagersberg 
Linder 4898 T. ereclUs culm, rhizome Albertinia; 
Gouritz River mouth 
Linder 4905 T. erectus culm, rhi zome , Cape Peninsula ; 
seedlings Buffels Bay 
Linder 4900 T. erectus culm , seedlings Albertinia; 
Klipfontein 
Linder 4901 T. insignis culm, seedlings Albertinia; 
Klipfontein 
Linder 4903 T. spicigerus culm , rhizome, Cape Peninsula; 
seedlings Olifantsbos 
Parker s.n T. spicigerus culm Stellen bosch ; Eerste 
River mouth 
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variation in the thickness and degree of branching of the 
rhizomes, as well as the spacing of the aerial culms on 
the rhizome. The degree of rhizome development is not 
related to the fire survival ability of the species. T. 
erectus survives fires, coppicing directly after the fire 
from the rhizomes , but both T. spicigerus and T. insignis 
are killed by fire and regenerate from seed. Holttum 
(1955) suggests that creeping rhizomes allow plants to 
exploit new soil. The growth-form of T. spicigerus would 
be consistent with such an idea, as the newer culms are 
found along the periphery of the tussock while the old 
dead culms are found in the centre of the tussock. In the 
other two species, the new culms are often found in the 
center of the tussocks . 
Rhizome anatomy 
The rhizomes of the Restionaceae have been poorly 
studied and the constancy of the characters observed is 
not certain. On the poor sample available, it appears as 
if the rhizomes of the three species do differ anatom-
ically , especially in the development of the parenchyma 
sheath around the vessel pole of the vascular bundles 
and in the frequency of the occurrence of amphivasal 
bundles. Other differences lie in the shape of the 
epidermal cells , the thickness of the cortex and the 
development of the hypodermis. These differences are 
illustrated in Figures 1-6. 
The endodermoid layer is generally weakly developed 
and appears to be a somewhat modified outer layer of 
the pericycle . The tissues to the inside of the pericycle 
are almost totally filled with vascular bundles , which are 
in distinction to the culms, never bicollateral. There is no 
evidence of starch in the central ground tissue, or indeed 
anywhere in the rhizome. This, together with the very 
poor development of the central ground tissue, suggests 
that the rhizomes are not used extensively as storage 
organs, but rather as conducting organs linking the aerial 
culms. This would be consistent with the plants being 
evergreen. Stock et al. (1987) show that the nutrient 
allocation patterns in the related Thamnochortus 
punctatus Pillans involve extensive retranslocation of 
nutrients from senescing to growing culms . This might 
account for the heavy vascularization of the rhizomes. It 
is curious that none of the rhizome tissues stain red with 
safranin. The thickened hypodermis , endodermoid layer 
and pericycle stain brown suggesting suberized tissue , 
Table 2 Comparison of the habits of the species in 
the T. erectus group 
Feature T. erectus T. insignis T. spicigerus 
Tussock ht. 1-1.5 m 2-2.5 m 1.5-3 m 
Base diam. 0.5-1 m 0.3-D.6 m 1-2 m 
Appearance untidy tidy spreading 
Culms drooping erect e rect 
Rhizomes spreading short long 
Rhizome diam. 3-5 mm 2-3 mm 5-9 mm 
Culm spacing to 10 mm adjacent to 20 mm 
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rather than lignified tissue, while none of the cells of the 
vascular bundles take up either Alcian Blue or Safranin. 
Culms 
The relatively minor differences in the culm morphology 
and anatomy assume a special importance in the light of 
the use of T. insignis as a thatching reed and the 
potential use of T. erectus as the same. As is typical of 
Thamnochortus, the fertile culm is simple and tapers 
somewhat from the base to the apex. Anatomically , 
there are consistent differences among the three species. 
These are summarized in Table 3 and illustrated in 
Figures 7-12. 
It is evident that T. spicigerus is anatomically different 
from the other two species, which is remarkable in an 
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anatomically homogenous genus like Thamnochortus 
(Cutler 1969). However , the minor differences between 
T. erectus and T. insignis are interesting. Firstly, they 
appear to be consistent and would probably allow 
positive identification of thatching material to species. 
Secondly, the tall , erect growth of the culms of T. 
insignis is clearly correlated to the much more massively 
developed selerenchyma of this species. One would 
assume that this much stronger culm would consequently 
make a more durable thatching reed than the less 
sclerenchymatous culm of T. erectus. 
Inflorescence 
The inflorescences constitute complex structures that are 
not easy to compare . The basic inflorescence structure is 
Figures 1--6 Rhizome anatomy, scale line equals 5 fLm. 1. Outer rhizome layers in T. erectus (Linder 4898). 2. Details of the 
epidermis, hypodermis and cortex (Linder 4898). 3. Vascular bundle and central ground tissue showing the amphivasal 
arrangement in T. spicigerus (Linder 4903).4. The vessels arranged in an arc in T. insignis (Linder 4906).5. Outer rhizome layers 
in T. insignis (Linder 4906).6 . Detail of epidermis, hypodermis and cortex of same (Linder 4906). 
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the same in all three species. There is an enormous range 
in inflorescence size within each population, consequent-
ly the minor differences evident from the descriptions 
among the three species are of no consequence. 
However, the differences in the female spikelets are 
evidently critical in facilitating identification of the 
species and may have great significance in the reproduc-
tive biology of the species. These differences are 
summarized in Table 4. 
The variation in the dimensions of the female and 
male spikelets are summarized in Figures 13 and 14. It is 
clear from these diagrams that the majority of the 
specimens can be determined to species from the 
dimensions of the spikelets , but that there is overlap . 
This overlap in the dimensions indicates why the three 
species are difficult to separate morphologically using 
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characters of the female inflorescence. Preliminary 
observations indicate that the variation found in one 
population may be equal to the variation found in each 
species . The size of the spikelets is one of the factors 
affecting the number of flowers (= seed) produced per 
inflorescence , that is, per culm. 
It is evident from Table 4 that T. spicigerus has a 
larger more winged flower, which may later become a 
more efficient fruit dispersal unit than the smaller, more 
narrowly winged flowers of the other two species. The 
most obvious difference between T. insignis and T. 
erectus is in the size of the spikelets, which would affect 
the number of flowers produced per culm. 
Seedling morphology 
The seedlings are characterized by the exclusive 
Figures 7-12 Culm anatomy. 7. TS of culm of T. erectus (Linder 4905).8. TS showing epidermis, chlorenchyma , parenchyma 
and sclerenchyma layers in T. spicigerus (Linder 4903).9. T. insignis (Linder 4899). 10. T. erectus (Linder 4905). 11. Detail of 
epidermis and stomata in T. spicigerus (Linder 4903). 12. T. erectus (Linder 4905). 
S.Afr.J . Bot. , 1990, 56(4) 
Table 3 Comparison of the culm morphology and 
anatomy of the species in the T. erectus group 
Feature T eree/us T insignis T spieigerus 
Basal diam. 3-4 mm 3-4 mm 5-7 mm 
Apical diam. 1-2 mm 1.5-2.5 mm 2 mm 
Length 1-1.5 m 2-2.5 m 1.5-3 m 
Stomata superficial superficial sunken 
Epidermis smooth papillate smooth 
Parenchyma 1-3 cells 1- 3 cells 4-6 cells wide 
Selerenchyma 8-14 cells 15-20 ce lls 6--12 cells wide 
Selerenchyma < chlorcnchyma > chlorenchyma < ch lorenchyma 
production of sterile culms, which are further 
distinguished from the adult plants by their juvenile 
leaves and branching habit. In some species of Thamno-
chortus these are formed throughout the life-span of the 
plant, but in the three species studied here they only 
occur in the seedlings (except very rarely after damage to 
a mature plant) . The leaf dimorphism found in the 
Restionaceae is indeed very peculiar and would warrant 
further morphological , anatomical and physiological 
investigation . 
Although the seedlings are superficially similar, the 
small sample investigated showed that there are 
differences between the three species. These differences 
are in the thickness and size of the sterile culms, in the 
shape of the leaf-blades and in the organization of the 
leaves and branching on the sterile culms. It would 
appear that the seedling morphology might be inform-
ative on the species delimitations and groupings . 
However, as seedlings have not been studied before, 
very little material is available to test the consistency of 
these characters. 
Phenology 
The phenological patterns of the three species are 
dominated by the cycle of culm growth, with new culms 
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Figure 13 Variation in the dimensions of the female 
spikelets. The dots indicate T. erectus , the circles T. insignis 
and the triangles T. spicigerus. 
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Figure 14 Variation in the dimensions of the male spikelets. 
The dots indicate T. erectus, the circles T. insignis and the 
triangles T. spicigerus. 
being initiated as the seed is released from the' 
inflorescences borne on the culms of the previous year. 
As flowering is terminal and the culms are unbranched, 
culms can only flower once. The culms usually persist for 
several years after flowering and lose their green colour 
during the second year after flowering. Although there is 
no evidence to support this it appears likely that they are 
still photosynthetically active until they lose their 
chlorophyll. 
Two factors appear to dominate the phenological 
cycle: firstly , growth is maximized during spring and 
autumn when both temperature and water availability 
are optimal and secondly , flowering is arranged so that 
no two species flower at the same time in the same 
locality . 
The first pattern is evident from the data presented by 
Pierce (1984) . Structurally , this is implemented by the 
initiation of culm growth during one growth-season, 
leading to flowering of that culm during the next growth-
season. Consequently, whether growth is initiated in 
autumn or spring will determine the season of flowering. 
The correlation of distribution area with flowering 
season results in the reproductive isolation of the 
species. In the southern Cape, where T. insignis co-
occurs with T. erectus, the former flowers in autumn and 
the latter in spring, while in the western Cape, where T. 
spicigerus co-occurs with T. erectus, the same pattern is 
maintained . Field observations in both areas confirmed 
that there is no overlap in the flowering of the two 
Table 4 Comparison of the female inflorescences and 
spikelets of the species in the T. erectus group 
Feature Teree/us T. insignis T spieigerus 
Spikelet colour golden -brown golden-brown dark brown 
Spikelet shape obovate oblong ovate to oblong 
Fls. obscured 
by bracts partially completely not 
FI. length 3-4.5 mm 2.5-3.5 mm 4-6 mm 
FI. width 2.5-4 mm 3-4 mm 4.5-7 mm 
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species groups , although the plants may occur together. 
These results complement the observations of Stock et 
al. (1987) that growth is asynchronous for culms and 
rhizomes, and seasonal for each organ. 
Ecology 
The distributions of the three species are indicated in 
Figure 15 . Although all three species are found on the 
sandy coastal plains, there is some evidence for a habitat 
separation , although this was not quantified in the 
present study. It appears as if T. erectus has the widest 
actual ecological range , but centering on the younger 
dune systems . In the southern Cape , T. insignis is found 
on more acid, inland dunes and colluvial valleys between 
the dunes . In these habitats T. erectus is absent. But in 
intermediate situations both species co-occur . Is this a 
case of competitive exclusion or do the two species have 
different requirements? 
In the case of the interaction between T. erectus and 
T. spicigerus there appears to be no ecological difference 
as the two co-occur. In the sandy plains north of Cape 
Town T. erectus is generally found on the old Tertiary 
flat sandplains where it is associated with a pyrophytic 
heathy vegetation, whilst T. spicigerus is generally more 
common on the younger dunes where it co-occurs with 
the non-pyrophytic strandveld vegetation (Moll et al . 
1984). However, there is extensive overlap between the 
two types and even more so for the two species. 
It is curious that T. erectus , which is not killed by fire , 
has a much wider distribution range than T. insignis and 
T. spicigerus, both of which are killed by fire and have to 
regenerate from seed. These latter two species can be 
described as narrow endemics , as both of them are 
restricted to an area less than 100 km long. However , the 
distribution range of T. insignis has been much enlarged 
by human activity. With its popularity as a thatching 
reed , it has become established in coastal dune areas and 
sandy flats from Port Elizabeth in the east to the Cape 
autumn winter 'Prine summer autumn winter 
- - - - - - - J- - - -1----J ---1---J ----
Thamnochorlw i,..;gnu 
autumn winter autumn winter 
Thamnochorlw ..... luI 
Figure 15 Distribution patterns : A . T. erectus; B. T. insignis 
(the dots indicate the original distribution , circles indicate 
extensions of the distribution range during historical times) ; C. 
T. spicigerus. 
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Peninsula in the west (Figure 15B) . This suggests that its 
original narrow distribution area may be more a 
historical than an ecological factor , indicating that it 
might well be a neo-endemic, relative to T. erectus . 
There is no evidence of any of the other species having 
their distribution areas enlarged by human activity. 
Conclusions 
Although the three species in this group are superficially 
similar enough to lead to frequent mis-identifications, it 
is evident that they are reproductively isolated by 
flowering at different times of the year. As such they 
constitute good species by the concept based on breeding 
barriers (Grant 1971). Although it is clear that there is in 
one species-pair a shift in their ecological preferences, so 
that they are not directly in competition with each other, 
in the second pair the plants co-occur in the same 
localities . The competitive interactions here are not 
understood. 
In addition to differences in the female reproductive 
structures which are generally used in keys to the 
species , the species are separated by numerous small 
differences found in almost every organ investigated . 
This suggests that using only macro-morphological 
structures at specific level in the Restionaceae only 
reflects a fraction of the available information and 
reliance on such a small portion of the available data set 
may lead to mistakes when assessing the relationships 
among species. This was already amply illustrated at 
generic level by Linder (1984) and this may in fact be a 
general factor in the attempts to understand the 
phylogeny of wind-pollinated taxa. 
The relationship between morphological structures 
and the biology of the species may have important 
implications on understanding both the ecology and the 
evolution of the species , as well as having an import in 
understanding the possible evolutionary history of the 
organs concerned. 
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